Wild crop relatives are an important source of genetic variation for improving domesticated species. Given limited resources, methods for maximizing the genetic diversity of collections of wild relatives are needed to help spread protection over a larger number of populations and species. Simulations were conducted to investigate the optimal strategy of sampling materials from populations of wild relatives, with the objective of maximizing the number of alleles (allelic richness) in collections of fixed size. Two methods, based on assessing populations for variation at marker loci (e.g., allozymes, restriction fragment length polymorphisms), were developed and compared with several methods that are not dependent on markers. Marker-assisted methods yielded higher overall allelic richness in the simulated collections, and they were particularly effective in conserving geographically localized alleles, the class of alleles that is most subject to loss.
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Decisions in conservation biology may be based on demographic or genetic criteria or both (1) . Demography often takes precedence when populations face immediate threats (2) , but the long-term viability of species requires genetic variation (3) . In domesticated species the conservation of single-locus variation is of special interest, as disease resistance and other economically important characteristics are often inherited in simple Mendelian fashion (4, 5) . Genes introduced from the wild relatives of crops constitute an important source of single-locus variation for the improvement of domesticated species (6) (7) (8) . The diversity of alleles at single loci (allelic richness) in wild relatives is particularly vulnerable to loss due to reduction in population size (9, 10). The problem is compounded by the fact that most crop relatives are found only in nature, and many such species and populations are increasingly threatened by habitat reduction (8). Moreover, there are many potentially useful populations of wild relatives, yet for practical purposes only a fraction of all such material can be afforded protection or maintenance in gene banks or in nature reserves. In addition, wild relatives are often geographically wide ranging, making it costly to collect representative samples of these materials. By maximizing genetic diversity in germ-plasm collections of fixed size, resources available for conservation of crop biodiversity can be allocated to a larger number of species.
This paper is concerned with how genetic markers (allozymes, restriction fragment length polymorphisms, etc.), which have been successfully employed in many other applied aspects of biology and medicine, can be used to help construct collections of wild crop relatives having maximal allelic richness. Because of their increasing importance in germ-plasm conservation we focus on the core collection (11, 12 [1] where Ou is an estimate of 6 = 4Nev(Ne = effective population size, v = the mutation rate) for the ith locus and jth region. [2] where ,jnj = constant. The approach is referred to as the "H strategy" (after Nei's index of gene diversity-see below).
In the second marker-assisted conservation strategy, populations are assumed to exchange genes. It is of interest, therefore, to select accessions that each contain many alleles, while minimizing overlap in allelic composition between accessions. Consequently, unlike the H strategy, this approach pinpoints the individual accessions to be sampled from each geographic region. It (22) . The expected number of target alleles retained in the core was calculated by sampling accessions without replacement and was obtained as the mean over 300 simulation trials.
For comparison with the H and M strategies, simulated core collections were also constructed by using a number of methods that do not rely on markers. These other methods Proc. Natl. Acad. Sci. USA 90 (1993) 10625 included the sampling of a constant number of accessions per region for entry into the core collection (C strategy), sampling in proportion to the number ofaccessions available per region (P strategy), sampling in proportion to the logarithm of the number of accessions available per region (L strategy), and simple random (not stratified) sampling of accessions (R strategy) (12). The expected number of target alleles retained in these simulated core collections was calculated as above.
RESULTS
Mean ranking of core target allele retention for the six strategies in the nine test cases (highest rank = 1, lowest = 6) was M (2.1) > H (3.0) > P (3.1) > L (3.7) > C (4.1) > R (4.7) (Fig. 1) . The two marker gene-assisted strategies thus yielded core collections with the highest overall allelic richness. Target allele retention was maximized under the M strategy in all but two taxa. The two exceptions, Solanum berthaultiiltarijense and Gossypium davidsonii, were the only taxa that did not exhibit positive correlation of gene diversity, probably due to sampling error associated with the small number of available accessions and loci (Table 1) . Such exceptions, however, can be spotted in advance by calculating the correlation of diversity for the marker locus fraction (Table 1) . With these species excluded, the mean ranking of core allele retention was M (1.0) > H (2.9) > P (3.5) > L (3.8) > C (4.4) > R (5.0). Moreover, when marker-assisted methods were used, there was a significant improvement in the retention of alleles found in only one or a few accessions (Fig. 2) . Localized alleles such as these are the most likely ones to be lost from the core collection. Localized alleles may also represent sources of resistance to local pathogen races or provide adaptation to specific environmental conditions (23) .
DISCUSSION
An effective genetic conservation strategy should maximize the retention of genetic variation associated with long-term species survival, yet it is not feasible to assess directly the level and distributional properties of such variation (23) let alone predict which traits might become important in future environments. While data on marker locus diversity are straightforward to obtain, there has been some concern as to whether the distribution patterns of marker and target genes are sufficiently similar to justify using information gained from markers (24) . Several points are relevant to this question. First, the H and M strategies are not guided exclusively by marker data. The initial step of stratification by geographical region or habitat is an ecological decision, made on the basis of knowledge about the species' range and environmental amplitude. This step is likely to capture a portion of the existing adaptive variation. The use of markers following stratification might then best be viewed as a means to achieve an appropriate allocation of sampling effort within and among regions. Second, at least some of the variation that is potentially useful in future environments may at present be selectively neutral, and consequently its distributional properties Fig. 1. may be approximated by recourse to markers. Third, a marker-assisted approach may be especially appropriate in inbreeding species, which comprise a large proportion ofcrop relatives (6) . In inbreeders, variation in the whole genome is often correlated due to a slowdown in the decay of linkage disequilibrium (25, 26) . Thus, maximizing the allelic richness at marker loci in inbreeders can lead to increased allelic richness at other loci. Moreover, inbreeders exhibit much more variation in allelic richness among populations than do outbreeders (21) , and this is precisely the situation in which assembling a diverse core collection may be most difficult in the absence of genetic data.
